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RESULTSOF A PRESSURELOADS INVESTIGATION ON

A O.030-SCALE MODEL(47-0TS) OF THE

INTEGRATEDSPACESHUTTLEVEHICLE CONFIGURATION

5 IN THE NASA AMESRESEARCHCENTER

9 x 7 FOOTLEG OF THE UNITARY PLAN WIND TUNNEL(IASIB)

by

E. Chee, Rockwell International Spac_ Division

ABSTRACTt

L

Presented in this report are results of wind tunnel test IA81B. Tne

model tested was a O.030-scale model of the Integrated Space Shuttle

Vehicle Configuration 5. Testing was conducted in the NASA Ames Research

Center 9 x 7-foot Unitary Plan Wind Tunnel to investigate pressure dis-

tr_Jutions for aeroloads analysis at Mach numbers from 1.55 through 2 5.

Angles of attack and sideslip were varied from -6 to +6 degrees.

This report consists of 1 volunm of force data and 4 volumes of

pressure data for a total of 5 volumes. They are arranged in the follow-

in,] manner:

Volume No. Contents

l IA81B force data

2 IA81B plotted pressure data

3 IABIB tabulated pressure data

(a) orbiter fuselage pages 1-299
(b) left lower wing surface pages 300-728

iii
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ABSTRACT (Concluded)

Volume No. Contents

4 IA81B tabulated pressure data

(a) left upper wing surface pages 729-I?_7
(b) right lower wing surface pages I188-1299
(c) right upper wing surface pages 1300-1459

5 IA81B tabulated pressure data

(a) left vertical tail surface pages 1460-157i
(b) SRM booster pages 1572-1759
(c) external tank pages 1760-2058
(d) miscellaneous orifices pages 2059-2163

iv
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!
NOM_<'LA_RE (Continued)

Bo(L_iAxi_;S_tem

PhO'i'

SYY_BOL SYMBOL DEFINITION

_A_ _,_ normal-force coefficient; normsl force
_, qS

CA CA '_xiel-force coefficient; 8xial force
qS

Cy 2Y .:ide-£orce coefficient; side force
qS

CAb CA_ br_se-force coefficient; bsse force
qS

"Ab(Pb - p_)/qS

. . CAb_Af CAF forebody _xi_l force coefficient, CA

," CI/4 _.Itching-moment coefficient; pltchin_ moment
_',-.. qS_REF

C_ CY_4 y':wing-moment coefficient; yawing moment
'" qSb

C_ CBL roilin_-u,oment c'oefficient; rollin_ momentqSb

St_b[] it_/-Axi_ S_vstern

_'L CL lift coefflc [er,t; lif.__tqS

C,.. <_'_ dr'_,":c,l':'].,'i'mt;
qS

.'- CDB C'_:_-_r'_i""o, eficient; b._se drs_
-b qS

CD." CDF :'<,r,_,:,dy.tr,_rco_fflc_ent: CD - CDbL

Cf CY rii,-;'or,'e coefficient; .=ideforceq$

.:, C[2.', t[t't',fn _-m_ment coeffi_'ient: .[itchin_ moment
' qS2B_

,,- 'U; y,_'_':t_.-mom,nt coefficient; _wlng moment
qSb

;'_ U';, r,:i!i_:_-ru,)rz::tt'oefficient; roll!n_ moment- qSb

L/_ .4'3 ][i't-to-dr':,:r'_tio; Cd _

1]

1976006099-016



NOMENCLATURE (Continued)
Additions to Standard Nomenclature

Plot

Symbol _ Defintion

external tank base area, ft2
AbET

Abf body flap upper surface area, ft2

Abo Orbiter base area, ft2

OMS pod base area, ft2
AboMS

SRB base area, ft2
AbsRB

CA CABET external tank base axial force coefficient
bET

CA CABO Orbiter base axial force coefficient
bo

CA CABSRB SRB base axial force coefficient
bSRB

CAET external tank total axial force coefficient

CA external tank forebody axial force coefficient
lET

CAf Orbiter forebody axial force coefficient
o

CA SRB forebody axial force coefficient
fSRB

CAo Orbiter total axial force coefficient

,2 !

1976006099-017



NOMENCLATIJ_E(Continued)

Plot

Symbol S_xmbol Definition

Cp OMSpod average base pressure coefficient
bOMS

Cp SRB average base pressure coefficient
bSRB

Cp. pressure coefficient associated with i th tap
l

ET external tank

• Oribter base incidence angle to a line of constant

Ibo Xo , deg.

_b Orbiter fuselage length, in.

MRP moment reference point

OMS orbital manuvering system

RN/FT RN/L unit Reynolds number, million per foot

Se elevon surface area, ft 2

SR_ solid rocket booster

Xbf longitudinal distance from MRP to bodyflap area
centroid, in.

Xb_ longitudinal distance from MRP to Orbiter base area
centroid, in.

X/C X/CW chordwise location on wing

X/Cv X/CV chordwise location on vertical tail

Xo Orbiter longitudinal station, in.

Xo/L o X/LT location on Orbiter, fraction of Orbiter body length
aft of Orbiter nose

13

1976006099-018



NOMENCLATURE (Continued)

Plot

SZ,Ilbol _ Definition

CAsRs SRB total axial force coefficient

Ce elevon mean aerodynamic chord, in

Ch CHEI inboard elevon hinge moment coefficient
e I

Ch CHEO outboard elevon hinge moment coefficient
e o

CmDf CMBF bodyflap upper surface pitching moment coefficient

Cmb CMBO Orbiter base pitching moment coefficient
o

Cm Orbiter forebody pitching moment coefficient
fo

Cm Orbiter total pitching moment coefficient
o

bodyflap upper surface normal force coefficient
Cnbf

CN Orbiter base normal force coefficient
bo

Orbiter forebody normal force coefficient
CNf

0

CNo Orbiter total normal force coefficient

Cp external tank average base pressure coefficient
bET

CPbf bodyflap average upper surface pressure coefficient

14 I
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ii NOMENCLATURE (Continued)

Plot

S_xmbol S__mbol Definition

Cp Orbiter average base pressure coefficient
bo

XS XS SRB longitudinal station, in.

XS/_S X/LS location on SRB, fraction of SRB body length aft
of SRB nose

XT XT external tank longitudinal station, in.

XT/LT X/LT location on ET, fraction of ET body length aft of
ET nose

Yo YO Orbiter lateral station, in.

YS YS SRB lateral station, in.

YT YT external tank lateral station, in.

Zbo vertical distance from MRP to Orbiter base areacentroid, in.

Zo ZO Orbiter vertical station, in.

Z ZS SRB vertical station, ins

ZT ZT external tank vertical station, in.

_o ALPHAO Orbiter angle of attack, degrees

_SL ALPHAL left SRB angle of attack, degrees

_SR ALPHAR right SRB angle of attack, degrees

_T ALPHAT external tank angle of attack, degrees

_o BETAO Orbiter angle of sideslip, degrees

[ 15
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NOMENCLATURE(Continued)

Plot

§_n_Dol §2nlbol Definition

BBL BETAL left SRB angle of sideslip, degrees

6_ BETAR right SRB angle of sideslip, degrees
_R

_T BETAT external tank angle of sideslip, degrees

ELV-IB inboard elevon deflection angle, degrees
ei

ELV-OB outboard elevon deflection angle, degrees
e o

6R RUDDER rudder deflection angle, degrees

6SB SPDBRK speedbrake deflection angle, degrees

n 2Y/b spanwise station, 2Y/b

PHI radial location, degrees

CAc orbiter sting cavity axial force coefficient

61 BETAI integrated vehicle angle of sideslip, degrees

_ ALPHAI integrated vehicle angle of attack, degrees

X/LB X/LB longitudinal position/body length (fuselage)

Y/BW Y/BW local spanwise position/wing span

Z/BV Z/BV local spanwise position/verticaltail span

16
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I NOMENCLATURE(Conti nued)

Plot

Symbol Symbol Definition

Cnf CYNF forebody yawing moment coefficient, bodyaxis system

Cmf CLMF forebody pitching moment coefficient

CNf CNF forebody normal force coefficient

CAf° CAFAFO forebody axial force coefficient at zero alpha

CN_ CNALFA derivative of normal-force coefficient with
respect to alpha, per degree

Xcp/Z v XAC/LV vertical tail chordwise center of pressurelocation

Ycp/_v YAC/LV vertical tail spanwise center of pressure location

Cy_ CYBETA derivative of side-force coefficient with
respect to beta, per degree

ACAf DCAF incremental forebody axial force coefficient

ACNf DCNF incremental forebody normal force coefficient

ACn_ DCLMF incremental forebody pitching moment coefficient

CHMI CHMI contributions of the forward bridge to the
inboard elevon hinge moment coefficient

CHM2 CHM2 contributions of the aft bridge to the
inboard elevon hinge moment coefficient

CHM3 CHM3 contributions of the forward bridge to the
outboard elevon hinge moment coefficient

CHM4 CHM4 contributions of the aft bridge to the
outboard elevon hinge moment coefficient

17
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NOMENCLATURE(Concluded)

Data Set Identifiers

The fourth letter of the data set identifier indicates the component,

e.g., RETT04.

Force

0 Orbiter

T External Tank

L Left SRB

R Right SRB

H Orbiter - Hinge moment

I Integrated Vehicle

Pressure

B Orbiter Fuselage

L Left Wing lower surface

U Left Wing upper surface

W Right Wing lower surface

R Right Wing upper surface

V Left Vertical Tail

S SRM Booster

T External Tank

C Miscellaneous Orifices

18
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CONFIGURATIONS INVESTIGATED

The model was a O.030-scale representation of the Rockwell Inter-

national Space Shuttle Integrated Vehicle. The Orbiter was per VLTO-

O00140A/B lines. The external tank represented VL78-000063 lines. The

solid rocket motors were per VL72-000066 lines. Figures 2a, b, and c

present sketches of the model configuration. Model simulation included

attach structure protuberances, fairings, fuel feed lines, vent lines,

etc. (basic model construction was of ARMCO 17-4 steel).

Model forces and moments were measured by 3 Task Corporation six

component balances. A 2.5 in. MK XXA was mounted in the Orbiter. A 2.0

in. MK IIIC was mounted in the external tank. A 1.5 in. MK IIC was

mounted in the LH SRB. The balances are attached to stings entering each

component through the base areas. Figures 2m and 2n show the balance

locations in the _odel. The RH wing inboard and outboard elevon panels

are instrumentedwith hinge moment gages as shown in figure ]c.

Surface and base pressures were measured on the Orbiter, external

tank and solid rocket motors. The Orbiter was instrumehted with a total

of _80 pressure-orifices,of which 6 were base and cavity pressures. The

external tank was instrumentedwith a total of 314 pressure orifices. The

LH SRM was instrumentedwith a total of 149 pressure orifices. Orifice

locations are presented in tables IV through VIII and figures 2d through

21.

The following model shorthand configuration notation was used:

LVA' = AT28 thru 32 FLIo FLII FRIo N86 Ol PTI2 PT22-27 S2I T28

19
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CONFIGURATIONS INVESTIGATED (Concluded)

AT28 thru 32 : Attach hardware structure

FLIO = LH2 feedline

FLll = LO2 feedline

FRio = Umbilical door fairing

N86 = Nozzles for solid rocket boosters

01 = B26 C9 E44 F9 MI6 N28 R5 V8 Wll6
i

! PTI2 = Lightning rod on nose of T28

PT22 thru 27 = External protuberance

S21 = So]id rocket boosters

T28 = External tank

Where moael dimensions are as described in table Ill, The LVA' con-

figuration was tested with speed brake gap both sealed and open and with

elevon gap both sealed and open. The (instrumented) right elevon gap

was sealed by a permanent sponge rubber seal. The left elevon gap was

sealed with plaster. Speed brake gaps were sealed by red wax.

2O
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TEST FACILITY DESCRIPTION

The Ames Research Center 9 by 7 foot Supersonic Wind Tunnel is a

closed-circuit, air-medium, variable-density facility capable of attain-

ing Mach numbers from 1.55 to 2.50 at Reynolds numbers from 1.5 x 106/ft

to 6.5 x 106/ft. The 18 foot long test section is part of a dual system

of supersonic circuits and uses the same motors and compressor as the

8 by 7 foot tunnel. A sliding-block throat arrangement is used to con-

trol tunnel Mach number.

Models are supported by means of stings attached to the wall-to-wall

strut/BOR system of the 9 by 7 foot tunnel.

Schlieren photograph, shadowgraphs, and pressure monitoring instru-

mentation are available.

21
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DATA REDUCTION

All balances data were reduced to coeffi _ents about a mGment re-

ference point locat_d at:

XT = 976.0 in.

YT = 0.0 in.

ZT = 400.0 in.

' The following reference dimensions were used:

ft2S = 2690.0

_b = 1297.0 in.

Hinge moment data were reduced about their respective hinge lines

using the following reference values:

S = 210.0 ft2
e

Ce 90.7 in.

Base and forebody coefficients were calculated as follows:

CN = -Cp Ab° tan i AboMs
bo bo S bo CpbOMs S

Abf

CNbf = "CPbf S

Abo AboMS
CA : -Cp S S
bo bo CPboMs

AbET
CA = -Cp S
bET bET

1976006099-027



DATAREDUCTION(Continued)

AbsRB
CA = -Cp S
bSRB bSRB

Xb Zb°

Cm - _b + _b
bo o CNbo CAbo

Xbf

C - _bmbf CNbf

= _ CN -
CNfo CNo b° CNbf

Cmf = Cmo- Cmb - Cmbf
0 0

- C
CAf = CAo Abo

0

CA = _
fET CAET CAbET

CA = _ CA
fSRB CAsRB bSRB

AbET = 597.56ft2

Abf = 142.6 ft2

Abo = 314.10ft2

AboMs= 122.57ft2

23
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DATA REDUCTION (Concluded)

AbsRB_ 201.07 ft 2

i = 14.75°
bo

Xbf = 1329.7 in.

Xbo = 1263.0 in.

Zbo = 336.5 in.

Base pressure coefficients represented the average pressure on the

respective bases. Body flap pressure coefficients were as given by figure

20.

Right SRB forces and moments were calculated as a mirror image of left

SRB forces and moments about 6 = O:

Coefficient oI _oefficient on)

Right SRB = _eft SRB
at +6 _t -B

I

Forces and moment on each component (Orbiter, ET, left SRB, and i

right SRB) were intf polated versus the respective angle of attack and

angle of sideslip of each component to nominal angles. These data were

then added to provide total integrated vehicle forces and moments.

• _ . L _ ......
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TABLE I
lw i i

TEST : IA81B ] DATE ; 8-23-74

I TEST CONDITIONS

m ± , ....

REYNOLDSNUMBER DYNAMICPRESSURE STAGNATIONTEMPERATURE
MACHNUMBER

(perfoot) (poun_s/_.inch) (degreesFahrenheit)

1.55 2.50 x 106 3.189 120
....... m

2.00 2.50 _ 106 3.189 120

2.20 2.50 x 106 3.750 120

: 2.50 2.50 x 106 3.472 120

,,, ,.... ,=

,,=

BALANCEUTILIZED: Task Corp 2.5" MK XXA, 2.0" MKIIIC, 1.5" MKIIC

COEFFICIENT

CA_A_6_y:_,T. 2.0" 1.5" TOLERANCE:

NF 6C)CI(_ 1R(lfl _ 1000

BF , 3000 900 500
r

AF 600 i 500 100

PM

RM 4000 ]noo ann _

YM i...... , , i w

COMMENTS:

f

I

25
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TABLE III. - MODEL DIMENSIONAL DATA

!" MODEL COMPONENT: ATTACH STRUCTURE - AT28

GENERAL D_SCIIIPTION: Rear orbiter to ET attach structure (LH and RH). 2 Members.

MOrAKL SCALE: 0.030 MODEL DRAWING NO.:

;RAWYNG NO. : VL78-OOO06 _, -O00Og2B

DIMENSIONS: MEMBER FULL SCALE MODEL SCI_LE

#i xo 131v.oo . 39.5_

•o - 96.50 (uO - 2._95

96.:5o. (rot) 2.895 _

zo 267.50 8.o2___

x_ _9o5_.oo_ _LT_O

YT - 12_.68 (Ul)- 3.7v0

__j15.5 _ 15._65

Xo 1_17.00

¥o - 96.50 (LH)- 2.895

_ 96.50 (Rlt) 2.895

Zo 267.50 8.025

XT 18'72.00 56.160

YT -125.6_ (LIi) - 3.770

12_.6s_(Fa) _ 3.77o

Diameter, Ira. #i 11.5 O. 3_5

_5.5 o._65

29
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lw

TA;_LE III. -MODEL DIMENSIONAL DATA- Continued.

_':DEL COMPONENT: ATTACH STRUCTURE - AT29

")E_Ub\L DESCRIFPION: Right-hand umbilical fairing to ET cross member attach

structure (i member).

MODEL SC.CLE: 0.030 MODEL DRAWING NO.:

DRAWING NO.: VLv_-OOOO62B, -Martin Marietta 82600207000

DIMENSIO_. FULL SCALE MODEL SCALE

Umbilical fairing attach point: X° 1317.O0 39.510

Yo 66.316 i.989

Zo 2&7.182 7.k!5

XT -205_-&_3 -_

YT _ 66.316 1.Q_______

ZT __3_83.681 17._i0

ET attach point: XT 20_8.00 61._&O

YT - 12.oo - o.16o

zT 568.25_ _!]_.o4_

Xo 1317. O0 39.510

Yo - 12.O0 - 0__./____

4 60.Zi_ 1._2

Attach structure dia., in. 4.5 0.135

3O
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TABLE III. -MODEl,DImeNSIONAL DATA- Continued.

MODEL COMPONENT: ATTACH STRUCTURE - AT30

GENERAL DESCRIPTION: Forward :_RBto ET attach s+ru_ture (LH and RH).

MODEL SCALE: 0.030

DRAWING NO. : VL78-OOOOg6, _<artinMarletta _260020/,300

DIMENSIONS: _]LL SqALv MODEL SCA]2

_t+,achpoint Ym 9_5._5 29.5"0

YT -i_2.50 (LH) - 5.1_5
_2.50 (R_) 5.1_5

Zm 0.0 O.0

X_ 6/,2.675 13.2PO

Y._ 80. O0 2.AO0

Zs O.O 0.O

Xo 24/,.675 7.3_o

Yo - I_4.5 (L!!)--5.535
1_.5 (RH) 5.535

Ze O.O O.O
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"fABlE IIl. - MODET_ DIMENSIONAL D,,T_- Continued.

!_D!(LCOMPONENT: ATTACH STRUCTURE - AT31

! GENERAL DESCRIPTION: _ear _,Tto 'SRBattach structure (IN _ _u), _ _emb,-r'.

MODe,% SC/LE: C.03_q _K)DEL D_.WTNG:

DRAWING NO.: _-_63, -OOOOg2_, -000066

D_aSzo_: _ FULLSC;U MO_Z__C:U

#1 XT __.2_ __.

YT -__ ILH-_.=__5__u/5_

ZT ,,57.o0 13.vlo_
Xs _ i_511,OO .... __
Ys 53.2z,. ___,L._9.2_
Zs _____iv. OO _ ,, !.7lq.

×T _ 2o_8.oo ;_1,%
YT - 163.5 8 -._..=__916.__

', ZT _ /d_9.,el _ 13. _gk
Xs 1511.00 45.33

zs ].5.71

#3 XT 2058.O0 61.7.4
YT - 161.72 - 4_852

ZT .3#3.oo 1o.27

×_ ._ 1511.00 45,33

Ys 53.24 _,, .1.597
Zs - 57.00 - 1.710

Dl_ter of members, In. : #l

m

#3
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TABLE III.- MODEL DIMENSIONAL DATA- Continued.

MODEL COMPORERT: ATTACH _I_UCPURE - AT32

GEI{ERAL DESCRIPTION: Forward orbiter/liT attach structure (P member structure)

MODEL SCALE: 0.030

DRAWING NO. : VLT_-OO00&2B, Martln Marietta P26OO209!&

DIMENSIONS: M_4BEN FULL SCALE MODEL SC,LE

¥o 0.0 O.0

(At+ach pt on orb ZT= 6i&) go Lk,_. ML I2IR

_ zuLe___ a_f___

YT _

(Attach pt on tank)' Z._ _ 16.8_v .

Xo 388.15 ll.6&5

*o _ o.o

Zo _ ML LWRML

x_ _L__Z___

_T -__e.ae_-Ju293____

z_ _

Di_1_r, In. _ 6.0 O.l_D

6.0 0.189
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TABLE III.- MODEL DIMENSIONAL DATA- Continued.

_ODEL COMPONENT ' BODY - __

GENERAL DESCRIPTION /

_.:3'?:i:B_A I_ identical to B_l"except _nderside of fuseia_e ha:_been

re.rai._ed to accept WI! 6.

}'3:!_i,n?AL3: 0.030 MODEL DRAWING NO.: SS-AO01/.7, _el. 12.

DRAWING NUMBER _r[.TfI-Ox"IqIll.3R -.L'X'Ifl2fIqI ...flqiqigflr-,. -4"l(_ACleg; ..fK1f)ll,.5 _
-O001_OA, -O001_OB

D,M_.NSIONS FULL SCALE MODEL SCALE

:.en_fh (O_I,: Fwd St,a. X0=235), Tn. 1293.3 38.?c)

Length (INL: Fw_ :;ta.Xo=23_), In_ 1_ 38._09

Max Width (_ '(o = !52_.3), Tn. 26L,Q 7.920

Max Depth (e Xo = ll/,&), Tn. 250.00 7,_,00

Fineness Ratio O, 2:,l, O. 26Lt

o
Area - k'+"

Max. Cross-Sectional O, 3n?

Plonfor'n

Wetted

BOSe
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TABLE III. - MODEL DIMENSIONAL DATA- C0ntJnued.

MODEL COMPONENT CANOPY - C_

GENERAL DESCRIPTION ' Configur.at!on 3A, Canopy used with fuse,lags, B2, _

MODEL SCALE: 0.030 MODEL .D.WG NO,; SS-AQ0147

DRAWINGNUMBER , VLT0-000143A

DIMENSIONS FULL SCALE MODEL SCALE

Length (Xo =434.64'5 to 578), I,,. 143.357 4.301

MaxWidth (Xo= 513. 127), In, 152.412 4,572

Max Depth (At Xo = 485.), In. 25.000 0.750

Fineness Ratio

Area

Max. Cross-Sectional

Planform

Wetted

Base

3S
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TABLE III. - Y')T<_;LDTY_;N;IONAL9A_A- Continued.

GENERALDESCRIPTION: &.o In. V. ;. _.ap7 m__ch_qedinto !U; elevon. Fl,_m_---

,_o...... _*erb_.qv_pi_ .....""z and +.Ip_a]-_ _r_ not _im_da+.ed. (Data are for

ORA_I,'d;;I;_RFR- No+,av,ailab]e

"'HEN_.]),S" FULL-SCALE MODEL Sk.ALt"' "

Area -- !"_2
210.o _ o.i_?

S}_q (equivalent), Tn. 31,9.2 IO./CA

l,_b'dequivalent c_ord , Tn. ]1_,0 3.5&

Outb'd equivalent chord, Tn. 55,_Q 1.65_

Ratio movable surface chord/
total surface chord

At Inb'd equiv, chord 0.209_ 0.209_

At Outb'd equiv, chord 0,_C,9/" 0.20Q6

Sweep Back Angles, degrees

Le_ding E_ge o.o0 o.oo

Trailing Edge - 10.056 - _o.o_

HlngelIne O.Oq. , 0:0o
(_roduet of ar_a ,_,T)

Area Momen= (N(Rml4_WxWxk_jl_{Ibd_)._t3 15_7.2_

M_an Aerodynami_ Chord, In. 90.7 2.721
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i TABLE III. - MODEL DIMENSIONAL DATA- Continued.

MODEL COMPONENT: _r_)D_FLAP - Fo

GENERAL DESCRIPTION Confi,_atCn : ] 1,0 A In

Y(:i)_.<_,SCM_}<. 0.030

DRAWINGNUMBER : vI,'7o-oooll, o3, -ooo2QQ

:

DIMENSIONS ' FULL SCALE MODEL SCALE

Length (Chord), In. 8&.7 2.5&i
ml

MaxWidth , In. 262.30_ '7.869|

Max Depth , Tn. 23.00 0.(_90

Fineness Ratio

Area - .Pt2
zl

Max. Cross-SectionaJ

Plan¢or,'n 1_2._n ,, 0.]2_

Wetted
Ill

I

Base _i._0 o.n_w

REPRODUCIBILITY OF THI_

ORIGINAL PAGE IS POOR
37
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TABLE III. - MODEL DIMENSIONAl, DATA - Continued.

MonE; _<_MP.ON_2_T: ?EEDLINE - FIio

,GFNER,AL D]']'3CRI_T,!ON:LH2 feedline on upper left-hand side o_ T2R.

MonET SCA_;: 0.030

P}IAWI_,3NO. : VL78-OOOO63, -OOOO62B

DIMENSIONS: FULL 5CALE MODEL SCAJ

Leadin_ e,_e at : XT 2071.5 62.l&5

ZT - 70,0 - 2.ZOO

ZT 573.93& i"_.21P

Trailin_ ed_ at: ZT 20_I, 80 _2.A5&

YT - 70.OO - 2.10

ZT 58&.059 17. 522

Diameter of line (17.O I.;].) 18.160 0.5&5

38
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TABLE III. - MODELDIMENSIONALDATA- Continued.

MODELCOMPONENT: FEEDLINE - FL II

GENEP.ALDESCRIPTION: LO 2 feedline on upper right-hand of T28.

MODELSCALE: 0.030

DRAWINGNO.: VL78-OOq0663__3VL78-OOOO62B

DIMENSIONS:
FULL SCALE MODELSCALE

Leading edge at: XT 1000.667 30.02

YT 70. O0 2 I0

ZT 150.519 4.516

Trailing edge at: XT 2071.5 62. 145

YT 70. O0 2. I00

ZT 573.934 17.218

Line diameter (17.0 I.D. ) (O. D. )__ 18.16 0.545
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I

TABLE III. -MOD£L OIMENSIONAL DATA- Continued.

_'ODEi,_(t_q?_NENT: FAIRING - PRIO

GZNE_L DE3CRIDTION- Umbi]iea] door fairing between aft ET/or'blter

attach structure.

_!ODEI 3CALh: 0.O30

D[,AWINS NO. : VI,7_-OOOOA3, -OOOOA2_, Martin r,;arietta_2gOO207OOO

DIMENSION_: _iJ, 3CAI,_- MObEI SCAJA

Leading edge at 2052.0 61.7$

Len_h 19_. O 5.79

Width 15.O O.45

4O
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TABLE III. -voDr';[I_ENSI@NAI DATA- Continued.

MODEL COMPONENT: ql<_ D:_D- M16

GENERAL DESCRIPTION: ," •,onrim_ratlon 140C orbiter OMS .nod - shrift _d_

MODEL SCALE: 0.030.

DRAWING NUMBER .VLTO-OQS&O1. -QO_'AQ

DIMENSION: FULL SCALE MODEL SCALEi i_ J

Length _0,.__,_wd.;t,q.vo-:1310.5),In. 25_._0 7.7_5

MaK Width (r)Xo ::15]]), In. 136._ A.lO&

Max Depth (_ 7:n --- 15]1), In. 74.70 2.24:

FinenessRatio 2. &8¢ 2./,84

Area - Ff _

Max Cross-Sectlonal _. 8A4 00.__

Planform

Wetted

Base

41
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TABLE III. -MODEL DIMENBION_.L D_:TA- Continued.

,.;Ei&,;ib:LDESCRIPTION: Confi_ration I__'9 orbiter OMS .N zz___

MCDEL SCALE: (>.0__/q<'

DIM_£_]IONS: FULL SC_.LE MODEL SCAL_]

;,{,,CllNO.

Length - In.
Gimoal Point to Exit Plane

Throat to Exit Plane

Diameter - In.
Exit

Throat

Inlet

Area- ft2
Exit

Throat

Gimbal Point (Station) In.

I,_ft h_ Nozzle
xo _I_.Oo __5.54
Yo - _p'O --2.64 _

z _, 492.oo 14.7_

__F,h_ 5_m_r Nozzle

"<o 151P.oo 4._.5_,
Yo 88.0 2.A4
Zo _ &_2.00 _J//_l_

Null Position - DeS.

left _ Nozzle
Pitc_ ___15._m9/-- 150&q '

Y_w 12°i?' 12017'

Fiuht _ Nozzle
Pitch 150&9 ' 15°&9 '

Yaw - 12°I_' _2017 '
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TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODEl CO_PONE,NT: BSP_NOZZLK - N86

GENEPAL DESCRIPTION: Booster solid rocket motor nozzles.

MOD!L S_,A_,: O.O30

D_AWING NO.: VL70-OOOO66

DIM_SIONS: FULL SCAI#_ MODEl SCAI_

Diameter, Dex - In. (I.D.) 14/+.29 4.3287

Diameter, Dex - In. (O.D.) 146.7q 4.4037

Diameter, DT - IN.

Diameter, Din - In.

Area - Ft2

Max. Cross-sectional (I.D.) I13.553 O.102

Gimbal Origin:

Left Nozzle

Xo 1902.6 57.078
v --250.50 - 7.515tO

Zo _OO.O 12.OO

Right.Nozzle

Xc 1902.6 57.078
Yo 250.50 7.515
Zo _OO.O 12.OO

Null Position' (Deg.)

Left nozzle gimbal +_8 __8

Right nozzle gimbal + 8 +

( 43
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TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: ET PROTUBERANCE - PTI2

G_NI_}_ALDESCRIPTION: Lightning rod attached to ET nose.

MODEL SCALE: 0.030

DIMENSIONS: FULL SCALE MODEL 3CA12_

Length 30.90 O.927

_,iameter - In. 3.20 0.096

44
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TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: ELECTRI AL LINE -

GENERAL DESCRIPTION: Left-hand electrical conduit line on T .

MODEL SCALE: 0.020.

DRAWING NUMBER . VL78-OOOO63, -OOOO62B

DIMENSION: FULL SCALE MODEL SCALE

Leading edge at: XT 1084.333 32.530

YT - 99.59_. -- 2.9_8

ZT -i39.620 - 4._9

Trail_n_ _,4_ at: XT . 905_ _ 61.7AO

YT - 99.591 - 2.q8_
- ]39.620 - &.189

ZT
Condui+ ,Iz_: _2_ O_O6 x o_]_

Centerline or lin_ located radially at @ = 35.5 d,=_

45
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TABLE Iii. - MODEL DIMENSIONAL DATA - Continued.

MOIJELCOM_ON_T: [,02_ECIRCULATION LIN_ - FT23

GfNFI:_ALDoSCRIFIION. LO2 reclrculaticn line on rlght-hand upper side

side of T28.

MODEL SCALE: 0.030

DRAWING NO.: _78-OOOO_3, -OOOO62B, Martin Marietta _2600207OOO

DIMENSION3: FULL SCALE MODEL SCALE

Leading edge at: XT iO_O.667 31.220

VT 9&.169 2.825

ZT 5_O.93& 16.228

Trailing edge at: XT 2062.920 61.888

_T 70.OOO 2.IO0

ZT 573.93_ 17.218

Diameter. o£ line _.O 0.120

Centerline of line locat_d radially at _ = 33°&5,

(Right of TDC looking forward)

46
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I TABLE III. - MODEL DI_NSIONAL DATA- Continued.

_OD_;L¢OMPC._ENT: LI_2 F_CIRCULATION [,I_ - PT24

GENLRAL DESCkIPTION: LH2 recirculation line on T28.

MODEL SCALE: O.030

DRAWING NO. : ViVS-OOOO63, -OOOO42B, Martin Marietta _24OO207OOO

DI_S[ON3. FUll, SCALE MODEL GCAI_

Leading edge at : Y_ IOAO.g67 31. 220

YT - 94.169 - 2.825

ZT 5&O.93& 16.228

Trailing ed_- at : XT 2062.920 61.888

_T - 70.OO -2.lOO

ZT 573.93h 17.218

Diameter of ilne &.OO O. 120

Centerline of line locatAd radially at @ = 33°&5 '

(Left of TDC looking forward)

47
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TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODE:[COMPONENT: ELECTRICAL LINE - P2L2.5 .......

u_.NERALDESCRIPTION: ...... Right-hand aft electrical conduit line on T_._ 'Nil}:

I,H._ pressure_r line and LOX v_nt va!v.e actuator line,

MODEL SCALE: O.030

DRAWING NO." VL78-000063, -O0006ZB, Martin Marietta 82600207000

DIMENSIONS"
FULL SCALE MODEL SCALE

Leading edge at: XT 1084.333 32_5!0____

YT 99.59 1 2.988

ZT ._ 139. 620 4. 189

Trailing edge at: X-! Z058.000 _61,74

YT 99,5(_1 2,988

ZT 139. 620 4. 189

Line diameter 2.0 x 6.0 O.06 x O. 18

Centerline of line located radially at _= 35.5°

48
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I
TABLE Ill. - MODE[ DI_'NqIONAL DATA- Continued.

MODF_ COHPONENT: _92 PRESSURE LINE - PT26

GENERAL DESCRIPTION: LO2 pressure line on T28.

MODEL SCALE: 0.030

DRAWING NO. : VL78-OO0063, -OOOOg2B, Martin Marie ��� �_2600207OOO

DIM_N31ONS: _LI, SCALE MOD_L SCAI}I

Leading edge at : XT 360.733 I0.822

YT 15. Ik5 O._5h

ZT &07. _i_ 12. 232

Trailing edge at : XT 20@3.5 62. 505

YT 63.25 I.99e
I

ZT 609.O0 1_.2v

"onterline of lin_ located radiall:z at _ = 27°

Lin- dlam_eter 2.0 0.060

49
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TABLE Iii. - MOD_IL DIM_',NqlONALDATA- Continued.

¥ODFL CQv_ON_NT • YII_'ICTRICAILINE - PT2?

,:,,ZL_A,F,±_CR[,_TiO:I:E]¢ccrieal conduit on the ri_ht-hand forward

s_ctlon of T28.

MODFI, JCALE: 0.030

rk'.,\w_L. ._0. : ';17P_'XXJO62B

L,IN;.,L;I,:)N:_: FULl, 3CALE MODZI. :,_',i,:

i,eadlr.gs_ge at : XT 360.733 i0._22

YT ii. 5_9 O.B4_

ZT i12.&Y& 12.BY&

Trailinq edg_ at: XT 876.273 26.2e8

YT 226.i]& 6.703

ZT 6_6.77& 19._O3

Centerline of conduit located radially at _ - _7.5 °

5O
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TABLE III. - MODEL DIMENSIONAL DATA- Continued.

O
MODELCO_.!PONENT" },,mpEI_ - _

GENERAL DESCRIPTION" Confi_.uration$½0C or_$ter rudder (IdenticaI to

confl_:urationI_.OA/r_ rudder).

_OD._CI,SCA'/_;:0.0.30.

DRAWINGSU'_BER" VLTO-OOOlagB, ---000095

DIMENSI Oils • FULI.-SCALE MODELSCALE

Area - Ft2 i00.I_ n.090

Span (equivalent), Tn. 201.0 4,0_

!nb'd equivalent chord, In. 91.585 2.74R

Outb'd equivalent chord, In. 50t_3_ , 1.525

Ratio movable surface chord/
total surface chord

At Inb'd equiv, chord 0.400 0.400 _

At Outb'd equiv, chord _.0-400 . 0.400

Sweep Back Angles, degrees

Leading Edge _ 3J,_

Trailing Edge 26.25

Hingeline 3&.83 laJ_
(_roluct of area & _)

Area Moment (_ '" ),Ft3 610._2 O.Olg

_n Aerodynamic Chord, In. _3.2 2.196

51
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TABLE III. - MODEL DIMENSIONAL DATA - Contznued.

MODEL COMPONENT: BOOSTEP SOLID ROCKET MOTOR - :3

r"= NERAL DESCRIPTION:

MODEL SCALi,:: O.00_.

DRAWl NG NUMBER VL72-OOOI43D, VL77-OOOO66

DIMENSION: FULL SCALE MODEL SCALE

Length (Includes nnzzle), In. 1789.40 53. 682

_N_th Tank Diameter, In. 156.00 4.38

t__lb AF* _hroud Dia., In. 192.OO 5.V6

Fineneis Patio 9.3198 9.319_

Area - Ft. 2

Max Cross-Sectlonal 201.O62 O.1809

Planferm

Wetted

Base

W_ of RSRM centerline (ZT) hO0.O 1.200

F'; o_ n!_HM nose (XT) 743.0 22.29

nP nf ._i_ centerline (YT) 250.5 7.5].5

52
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I r_ODELDIMENSIONAL DATA- Continued.TABLE IIl.

MODEL COMPONENT: EXTERNAL TANK - T_

GENERAL DESCRIPTION:

NOTE: (Dimensionsare f,n tnn_ q+.mm*.,_'_]NM]. TP3 _Of _,_]ndAd )

MODELSCALE: 0_030 .

DRAWING NUMBER VL'72-OOOILJ_D.VLV_..OOOOA3

DIMENSION: FULL SCALE MODEL SCALE
_ J , i i

Length , In. __ 55_32_

MaN _ Dia., In. _I.OO 9.93

Max Depth

FinenessRatio 5.687 _ 5:68"7

Area - Ft 2

Max Cross-Sectional _74.67_ __ _ __

Planform

Wetted

Base
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TABLE III. - MODAL DIMEN31ONAL DATA - Continued.

MODEL COMPONENT: VERTICAL - V
I

GENERAL DESCRIPTION: ConI'Igurallon )4@'] orbiter vertiqa? +__ _ '.dpnti_.:

to c_nfiguratien IA()A;_ _t!_ ! %=_!1)

MODEL SCALE: O.O3o

DRAWING NUM_{R: _ V_,70-OOOIAOC: -OQO] A&B

DIMENSIONS: FULL SCALE MODEL SC,Lk

TOTAL II_T_

Area (Theo) - Ft2

Planfo_ &13.253 _ 0.372

Span (Theo) - In. 315.72 9.&v2___

Aspect Ratio _ ___

Rate of Taper ,. 0.507 0.507 ._
Taper Ratio . , O.iO& _ O.AOi ___
Sweep-Back Angles_ Degrees.

Leading Edge 1,5.009 ___O_Q_Q___
Trailing Edge 26.25 26.25

0.25 Element Line _ ___

Chords :

Root (_eo) _q? 2_. 50 i i I 8"055 __

Tip (Theo) ;/P 108.&7 3.25A_
M_C _IRLgI___ _2___
Fus. Sta. of .25 MAC //_ ___

w.P.of .25M_C _ _/_
B.L. of .25 MAC 0.00 9.00 .

A_rfoil Sect [on

Leading Wed6e ._,ngle- De_. i0.00 I0.00 ___

?railing Wedge An61e - Des. _ l&.9_ ____

Leadin_ Edge Radius , 2.00 0.060

Void Area _ .._..G.._lg..___

Blanketed Area 0.0 . O.0

4 ---



TABLE 111. - :WI)EL D I m ~ J . ' I O K , i l ,  DATA - Concluded. 

7-5' Y. 

31 FENS IONS : 

TOTAL 9ATA 
Area-ieo . 1 Ft2  

? I an form- 
Span ',T;leo In. 
Aspec: 9 a t i o  
?ate of Taper 
TaDer !?atio 
Dihedral AnGle, degrees 
Incidence Aqgle, degrees. 
Aemdynami c Twi st * degrees 
Sweep Sack Angles , degrees 

Leading Edge 
Trai 1 ing Edge 
0.25 Element Line 

R o o t  (Theo) B.P.O.O. 
. Tio, (Theo) B.P. 

MAC 
Fus. Sta. o f  .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 

chords: 

2 EXPOSED DAT4 
Area (Tneo! F t  
Span,-(Theo) In. 8P108 
Aspect Ratio 
Taper Ratio 
chords 

Root BPI08 
T i p  1.00 5 

7 MAC 
Fus. Sta .  o f  .25 MAC 
W.3. of .25 MAC 
B.L. o f  .25 MAC 

A i r f o i l  Section (Rockwell Mod NASA) 
xxxx-64 

Root = .  
?i 
L 

T l p  b = 
7 

3ata for (1) of  (2)  Sides 
Cead'ng Edge Cuff 
Plancc-in Area ct 
~ c a d i n g  E d y  h'2rsects =US M. L. 8 Sta 
&&ins  E4qc Intersects 'JjqC B Sta 

55 

C-j 

FULL-SCALE MODEL SCALE 

249O.00 

1 1-v 

0.200 
3.5m 

* 
290.5R 
182.13 

1751.50 
720.hP 

2.050 
0.2/+5 

5h2.0Q 
137. P5 

102.f3 
llC5.98 
2%. 30 
251.77 

IJ3.T? 
500.0 

102',.00 

2.lL31 
3 R .  30 

29 477 

1.575 
21. A X  

2.059 
0.245 

.o. 11 7 

6.1?0 

0.102 
15.00 
30.72 
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t_EESTR£AM

m _J_l,m

b. Model Attitude Definition

Figure I. - Continued.
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o_-rm_rVOLTAGE

VOLTAGE VOLTAGE

ELE_N HINCE MGMENT WIRIRG DIAGRAM
TYPICAL FOR IM_OARD A_D 0UTBOARD ELEVONS

/

c. Elevon Electrical Hookup and Stgn Conventions

Ftgure 1. - Concluded.
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PRI?SSURE ORIFICE LOCATION OF LEFT WING PANEl,

215

209 210 Zll 21:' 213 214 I 216

Yo 110 Z08 _--_.._.__ ........ _ = 235 (CLOCA L = 931 IN.)

¥,_ I(,0 .... v}= Z99 (CLOCAL = 781 IN.)

Y(, 17 "m'_"_'--_-- .. _:-__ "0= 366 (CLOCAL = _,15 IN. )

Yo ZOO __-__i;_ _,, - v/ = 427 (CLOCA L = 469 IN. )

Yo 280 _,, . ._ --_'I,*.',_ r} 534 3'95 IN. )"/7_. _. _,_.D (C LOCAL =

PRF.SS_JIqE ORIFICF: LOCATION
,.

OF t:,IGilT WING PAN": L Yu 365 _---__*'_- _-'_- "0= 780 = (CLocA L = Z.S8 IN. )7-.m_,

412 411410 409 408 407 406 Yo _,_j

_-_404 415 _,__. ". v} = 887 CLOCA L = 200 IN.)

417 _ r_ _ = 972 (CLOCAL = 158 IN.)
419 416 o

418 415

421 420 .414 ¢:::_: _- v] = 1.00

429 428 4Z5 423 WING TIP
426 424

427

-- E LE WON HINGE LINE

Yo 170 FUSELAGE STA 1387

e. Orbiter Wing Pressure Tap Locations

Figure 2. - Continued.
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i

I
I- USEI.AGE Ot(IF[GI!; LOCATION

NOTE:
VIE..W I,OOI<ING AYT

t
.... 1_____

I

.__,/
0°

FI.JS STA Z3b FUS ST: 4:} I"US STA 2i1:} i" US STA Z0 r-',

31

19 18 , ,/

;'o " f":': ! /1"
Z ,/ '

..... 10 --.o :.. // Z

' O ) "39"v'{s( /_._ 16 Zo:: 2!'_:9"500/4,
,:/l__ _ 3,3.667 32//iX ",,u

,'oz!7//'' "3s"" )4 ss 3_21sz4 _5
2{2 1I _X

VU', :;'1 ,\ _2g _.l]:; ._'1A %_0 1;2 }-'US ST?. 450

FUS STA 44b

•t _, 5:} 54 t:', bb',

•tP _/ 59 WlNDStIIEI.D / ;27
t/4, ,//

•,"...... *--',2 Zo=377.Po0 v-u :355.00Y

44/ ,,' \X TM l i "_64_('// I \'\'5o
4,, 5 N_263

172£0
IU>. ,_,'iA ,I,, =, VUS STA 500 FUS STA 560

FUS STA 625
_ ',N DS I T[1.71.',) 74 85 WINI}- 96SHIKI.,D

. }q"O_ ._Z -''8 1 "-N-)/" 3 10Z

_2.83: _,o: ,88.)3/ ?(,--80 ! • --92 Zo l_0O I

_7') ; _'91 4(,0
/ x-78

86/ / i _ \ 97/ l X90 / x
,,7 8_ 6 7 lo_, [ 9c1

75 9_
89

f. Orbiter Forward Fuselage Pressure Tap Locations

Figure 2. - Continued.
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FUS STA FUS STA FUS STA 9&0 i,J_ STA "680

113 123 _:
114 !22 . •

112 121 :_ I
IJ

t X<-.jllO t <_..t119 ---_.... :-

115 107 108 124 116 117 127 125 _26 136 i-:. '2(,

FLIS STA 1180 FUS ST.% 1245 FiTS STA 1300 FUS ST, _, !L,?_

154

\1535Z 174

j._4z 164 l_Z _!......,!172
I"'\..-J-']_6o \,\.//-/-,/I7o

-f--_.;_--f14o ! '_:::..t189 ' _ _169

144 157 158 15"5 145 146 165 156 157 175 166 167

YUS STA, 1430 FUS STA 1480 BODY FLAP

FUS STA 1830

183 194 193

..,.._ 182 ..192

( //_ 181180 ('_"-_191 200 _.0! 197"199

,_ _/19o Fus STASss 19(_198 Zo400
,7,_ ! "- 1,189

,17, _//. _1188- - --uPP_-Rt7 _, ZO_ _,03 LOWER
l

18 176 77 195 186 187 _5 UPPER- ----- - _OWE R
?.06 Z07

FUS STA 590

g. Orbiter Aft Fuselage Pressure Tap Locations

Figure 2. - Continued.
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b. Rear View

Figure 3. - Concluded.
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APPENDIX

TABULATED SOURCE DATA

VOLUME 1 (Force)

VOLUME 3 Pages 1-728 (Pressure)

VOLUME 4 Pages 729-1459 (Pressure)

VOLUME 5 Pages 1460-2163 (Pressure)

Tabulations of plotted data may be obtained
from Data Management Services upon request.
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